An experiment on surface coating of ceramic tiles with titanium dioxide (TiO2) pigmented acrylate formulations have been done using UV-curing system. A coating formulation is the mixture of epoxy acrylate resin (80 mass% aromatic epoxy acrylate in 20 mass% hexandiol diacrylate), tripropylene glycol diacrylate (TPGDA) monomer, titanium dioxide pigment and photoinitiator of 2,2-dimethyl-2-hydroxy acetophenone (Darocur 1173). Coating on ceramics was carried out with a wire bar coater to get film thickness of around 150 μ m. UV-curing was conducted by using 80 Watt/cm intensity UV-source at a fixed photoinitiator concentration and exposure time (represented by conveyor speed). Concentrations of titanium dioxide and TPGDA in the coating formulation were varied to evaluate their effect on physical, mechanical and chemical properties of cured films. A fixed photoinitiator concentration and conveyor speed used in the experiment were determined after evaluating the pendulum hardness of cured films in a sequence of experiments. Parameters observed were viscosity, contact angle, pendulum hardness, gloss, adhesion, color value, and chemical, solvent and stain resistance.
Introduction
Radiation curing system is widely used for surface coating of many substrates, such as wood based materials, metals, papers, plastics, etc., either for functional or decorative purposes. Ultraviolet (UV) and electron-beam (EB) curable coatings are an example of radiation curing systems in which the reactive diluent (monomer) reacts with the oligomer rather than being evaporated from coating. Growth of UV curable coatings is due to a number of factors including high performance of the coatings, fast curing, no heating, low space requirements and solvent free formulation for the application lines. 1)-2) One of the survey conducted by RadTech International North America showed, that the most important factors motivating the use of UV/EB curing technology were : environmental compliance (reduced solvent emission/ green technology), fast cure (production speed and productivity), improved physical properties and product performance and lower applied cost effectiveness.
3) The European Union adopted the directive 1999/13/CE which targets to reduce VOC emission by 67% compared to the levels recorded in the nineties. 4) Increasing regulatory standards concerning the release of volatile organic compound (VOC) generally used in conventional method (catalyst and solvents) places the radiation curing system as an environmentally friendly technology.
A wide range of chemical compounds can be cured in acrylate formulations through radical addition reactions of double bonds but cure speed is strongly affected by the intramolecular environment of the double bond. An acrylate system was studied because it is currently the most common resin used by industry, as it requires only moderate amount of energy to achieve full cure and is more useful for coatings or adhesives on rigid substrates. Epoxy acrylate as one of the acrylated oligomer is mainly based on bisphenol-A derivatives. The hydroxyl groups are formed by the epoxy acid reaction, which markedly improves adhesion, and pigment wetting. 5) Radiation curing has also been studied for developing of composites and building & construction materials, such as production of ceramic parts using UV-curing, 6) coating of marble, 7) silica nanoparticles reinforced acrylate formulations as a coating substrates, 8) protective coatings of cemented-based materials, 9) calcinable mold composites with ultra fast hardening using UVcuring 10) and formation of hafnia films with highest level of pendulum hardness.
11) The functional performance of structural ceramics provides many opportunities for development and application because of their excellent mechanical properties. Exploring the functional performances of structural ceramics provides many opportunities. 12) In general, ceramic tiles are manufactured by baking process for producing unglazed biscuit wares and followed by baking the glazed wares. Glazing is conducted by heating (firing) of finely ground glass or glass forming materials, or mixture of both, to ceramic body to a temperature where the materials melt (above 1200°C) forming a coating of glass on the surface of the ware. Glazes are used to decorate the ware, to protect against moisture absorption, to give an easily cleaned sanitary surface, and to hide a body color.
13) The unglazed biscuit ceramics can also be coated using organic resin by UV curing.
In this article, the characterization of UV-cured pigmented epoxy acrylate coatings on ceramic substrates at different titanium dioxide (TiO2) pigment concentration and tripropylene glycol diacrylate (TPGDA) monomer concentration was evaluated. Titanium dioxide pigments are widely used for pigmented coatings because they provide good covering in relatively moderate pigmented concentration. The pigmented coating serves to hide the surface of ceramics and provide decorative finishing which is usually used for most decorative ceramic products.
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Experimental
Materials and methods
Ceramic tiles (unglazed) as a substrate with the size of 20 cm × 10 cm × 0.8 cm was cleaned with water and oven dried at a temperature of 70°C. The constant moisture content (±1.4%) was achieved after heating for around 2 h. An aromatic epoxy acrylate resin with commercial name of Laromer EA 81 (80 mass% epoxy acrylate oligomer in hexanediol diacrylate) and TPGDA monomer were the products of BASF, Germany. All chemicals were used as received without further treatment. The formulations were prepared by mixing of epoxy acrylate resin, TPGDA as a reactive diluent, titanium dioxide as pigment and 2,2-dimethyl-2-hydroxy acetophenone with the commercial name of Darocur 1173 (Merck, Germany) as photoinitiator. The amount of TPGDA added were 5, 10, and 15 mass% based on epoxy acrylate resin. Photoinitiator with the UV absorption at 225 nm-375 nm wavelength was used at the level of 2 mass%. The mixtures were pigmented with titanium dioxide, rutile, (Matapel, local market) in polyester dispersion at the concentration level of 1 mass% to 4 mass% based on resin and TPGDA mixture.
The formulations were coated on ceramic using wire bar coater. Irradiation was conducted in one passage at a fixed photoinitiator concentration in the coating formulation and fixed conveyor speed, using one 10.4 kW UV lamp with the intensity of 80 W/cm medium pressure mercury lamp (IST Strahlentecknik GmbH, Germany). A fixed photoinitiator concentration and fixed conveyor speed were determined after evaluating the hardness properties of UV-cured coatings in a sequence of experiments. The physical, mechanical and chemical properties of cured films then were measured and evaluated.
Measurement and testing
Viscosity of coating formulation was measured by viscometer (Visconic EMD-R, Tokyo Keiki Co., Ltd., Japan). The grain size of titanium dioxide in the polyester dispersion was less than 1 μ m (Fineness of Grind Gauge, Sheen Instruments Ltd., England). Thickness of film was measured by micrometer (Digimatic micrometer, Mitutoyo, Japan), and the thickness obtained were 146 ± 6 μ m. Pendulum hardness testing was conducted with Koenig method (Pendulum hardness Rocker type, Sheen Instruments Ltd., England). In this method, the time is given in seconds in which the swing of the pendulum ranges from 6° to 3°. Adhesion between films and ceramics were measured with a pull-off test using adhesion tester (Model 106, Elcometer, England). The specular gloss was determined with 20° geometry using glossmeter (Glossmeter U, Toyoseiki, Japan). Contact angle measurement was performed with a contact-anglemeter (Kyowa Kaimenkagaku Co., Ltd., Japan), by means of sessile drop technique. Chemical, solvent and stain resistance were performed with dilute inorganic (sulfuric), and organic (acetic) acids, inorganic basic solutions (hydroxide solution), polar (ethanol) and non polar (acetone) solvents using spot test method. In case of stain resistance, the chemicals used were red, blue and black permanent marker. Evaluation of color was performed with Hunter method (Chromameter CR 2006, Minolta, Japan).
Results and discussion
Coating formulations
A typical of pigmented UV-curing formulation consists of an oligomer, reactive monomer as diluent, pigment and together with photoactive compound (photoinitiator). Appearance of coated products which usually determined by viscosity of coating formulation is very important, and can be used for quick assessment of the product quality. Viscosity of radiation curable formulations can control the appearance of the surface and also influence significantly to the final film properties. In order to get a good property of films without sacrificing the appearance, the viscosity should be adjusted properly. In general, radiation curable materials have high viscosity due to high molecular weight of resin. However, viscosity can be adjusted to a wide range by dilution with monomer. Commercial epoxy acrylate (Laromer EA 81) was already mixed with HDDA monomer. This resin still has high viscosity (3986 cp, 25°C) for coating applications. On the other hand, a low monomer concentration causes a high viscosity and there will be a problem in application to get a good appearance. Hexandiol diacrylate is a very low viscosity diluent with high reactivity. Due to the straight carbon backbone chain, HDDA offers the best combination of flexibility, adhesion, reactivity and thoughness which is available in the difunctional acrylates. Identical with HDDA, TPGDA has a relatively low viscosity and good solvency for most acrylated polymers and offers high reactivity. Figure 1 shows the viscosity of coating formulations at various TPGDA and titanium dioxide contents. Viscosity decreases significantly from 3986 cp to 1455 cp by the addition of TPGDA of up to 15 mass%. Viscosity increases with increasing titanium dioxide content. For instance, increasing titanium dioxide content up to 4 mass% increases viscosity from 3986 cp to 4280 cp, without addition of TPGDA. On the other hand, application of sufficient pigment to give the desired final ratio would result in a highly viscous material during application. In pigmented UV curing system, theoretically there is no loss of volatile components during curing. In the range of TPGDA added and titanium dioxide concentration used, the appearance of all coated sample surface were even and smooth.
UV curing of titanium dioxide pigmented coating
Factors which influence the curing of UV pigmented coatings cover the resin system, pigment, photoinitiator system and UV equipment. 14) In general, white coating formulations are prepared by using pigments which give high scattering and low absorption of visible light. Titanium dioxide pigments are widely used because they provide good hiding property with moderate pigment concentration. Pigmentation can affect the curing of process by two ways. Firstly, reduction of absoption of radiation by the photoinitiator due to absorption and scattering of the radiation by pigment, and secondly, photochemical involvement of pigment in the process.
For titanium dioxide containing coating formulation, the absorption of UV radiation by titanium dioxide results in the promotion of electrons into the conduction band thereby creating electron deficiencies or holes in the valences band. The excited state may be represented by an electron/hole pair (e/p), as shown in Eq. (1) . Subsequent recombination of the electron/hole pair results in energy release in the form of heat and/or radiation as shown in Eq. (2) . The electron/hole pairs may be intercepted and the energy utilized to generate reactive initiator species for polymerization in competition with energy dissipation by recombination. This possibility particularly occurs for UV-curing of white coatings since the high absorptivity (in the UV) and scattering efficiency (in the visible) of TiO2 would thereby be exploited. 15) The curing process (1) (2) occurs by means of copolymerization reaction between epoxy acrylate oligomer with HDDA and TPGDA monomers. It is therefore evident that titanium dioxide can reduce the polymerization reaction for UV-curing. Absorption of radiation by photoinitiator, especially at the bottom of the films influences the through cure in photoinitiated free radical systems. Many factors affect the absorption, i.e. wavelength energy distribution of the source, absorption spectrum of the photoinitiator, absorption and scattering by the pigment concentration, film thickness and substrate reflectance. There is a competition between photoinitiator and the pigment in absorbing the light, resulting a rather low penetration of the light in the coating. Thin films containing a pigment with a high refractive index are rapidly cured because of the increase in optical path length by scattering, but the cure rate is greatly decreased when the thickness is increased due to the attenuation of UV-radiation with depth of film.
16) The UV source has emission spectra with maxima shifted toward longer wavelengths, which generally fit better with pigmented systems. Darocur 1173 photoinitiator derived from acetophenone with UV absorption of 225 nm-375 nm. This photoinitiator absorbs radiation with wave lengths between 250 nm-310 nm. The UV lamps emit most of its radiation in this range. Simulation of the photopolymerization gradient inside a pigmented coating study to improve the curing process can be envisaged by increasing the UV radiation intensity using a polychromatic irradiation, the use of a photoinitiator absorbing in a wavelength region where the film absorption is weak, and to execute the operation in two or three coats. 17) In this experiment, we limited the treatment by varying the titanium dioxide concentration and monomer concentration in the formulations. The hardness measurement was used as an indication of the extent of cure. Hardness is also directly related to the degree of cross-linking and the degree of double bond conversion in a given cured film. The thickness was fixed at the level of around 150 μ m that the coatings completely covered and hid the ceramic surface at a given of pigment content used.
Determination of adequate photoinitiator concentration
The efficiency of photoinitiators is the link in UV-curable formulations between the light source and the resin system. Cure efficiency depends on the ability of the photo decomposition of the photoinitiator under a given light source. A good matching between emission spectra of a light source and absorption of photoinitiators is one of the important factors in the design of an UV-curing system. According to the spectra of titanium dioxide absorption/reflection, most of the energy from the UV lamp, under 370 nm and above 450 nm, will be wasted during the UVcuring process of white pigmented coatings. This will lead to some limitations such as the level of pigment content, film thickness and cure speed in white pigmented coatings.
The contents of photoinitiator varied from 1 mass% to 5 mass% in the coating formulations and pendulum hardness was used as preliminary works to determine the most adequate composition of the photoinitiator. Figure 2 shows the pendulum hardness of the cured films against photoinitiator content at 2 mass% titanium dioxide and 3 m/min conveyor speed. As the curve indicates, the pendulum hardness increases with photoinitiator content up to 2 mass%, and then a gradually decrease is shown. Increasing of photoinitiator concentration produces an excess of radicals as compared to the reactive sites. In this condition, the radicals do not drive the reaction any faster and may even be slower if the termination step is more dominant. 18) As the concentration of photoinitiator is increased, total absorption of radiation increases and the fraction absorbed by photoinitiator increases. However, the high absorption in the upper layer of the film can cause a decrease in the amount of radiation reaching the bottom of the film. This effect leads to the realization that there must be an optimum concentration to maximize absorption by photoinitiator in the bottom layer of films. Based on the hardness values as shown in Fig. 2 , the photoinitiator concentration was fixed to the 2 mass% level in this study.
Determination of adequate conveyor speed (exposure time)
By using 2 mass% photoinitiator as obtained from Fig. 2 , the work was continued to determine the optimum conveyor speed at 2 mass% titanium dioxide content. Increasing conveyor speed or decreasing of exposure time (curing time) decrease of energy absorbed by the film. Hardness is influenced by the number of cross-link in the cured films. Photoinitiator molecule is increasingly excited by longer UV-irradiation (lower conveyor speed) and the long running polymerization time. More cross-links are formed and result in higher hardness. But, very long time of UVirradiation or much lower conveyor speed causes excessive crosslink, thereby resulting in a higher shrinkage and finally reducing adhesion between substrate and coating.
The width of radiation exposure of UV equipment in the target is 10 cm. For the conveyor speed used, the exposure time is in the range of 1.2 s (5 m/min) to 6 s (1 m/min). The results of pendulum hardness as a function of conveyor speed are plotted in Fig. 3 . The pendulum hardness of cured films using 2 mass% photoinitiator and 2 mass% titanium dioxide increased with exposure time until 2 s, and after 2 s the pendulum hardness did not increase significantly with the exposure time. For longer exposure time i.e., 6 s (1 m/min) the coating becomes slight cracks and wrinkle due to the excessive radiation. From this result, it was considered that 3 m/min conveyor speed (2 s exposure times) was selected as a conveyor speed for further experiment to attain good properties of UV-cured films.
Characterization of pigmented coatings
Pendulum hardness as a function of titanium dioxide content and TPGDA content are shown in Fig 4. Hardness was affected by TPGDA and titanium dioxide content in the coating formulations. The hardness decreases with increasing TPGDA and titanium dioxide content. Increasing the monomer content increases the content of non-interlinked monomer. At a given irradiation process, only a certain number of resin molecules (oligomers and monomers) can be interlinked. If the TPGDA monomer content in the formulation is high, then the proportion of non-interlinked monomer will also be high. The content of non-interlinked monomer in cured film increases with monomer concentration in the formulation. 19) Even in relatively thick pigmented coatings the surface cure rate is essentially independent of film thickness, but Cho and Hong 20) reported that the thicker the film the lower the cross-linked density of the cured film and decreases the pendulum hardness. It is important to differentiate between surface and through cure to take into consideration the thickness of the film.
For a given TPGDA content in the formulation, increasing titanium dioxide decreases hardness, and for 2 mass% titanium dioxide content the hardness seems to remain constant. The radiation must be able to reach the bottom of the film because the medium is to be considered a viscous system in which the diffusion of the active species is limited to great extent. For higher TPGDA content (10 mass% and 15 mass%), relative low viscosity formulation can be achieved and consequently result in better dilution of active species and finally better curing process. Better curing process results in a slightly higher pendulum hardness of 3 mass% and 4 mass% of titanium dioxide content. Although the hardness slightly increases with increasing TPGDA content, but the values are still lower if compared with the lower titanium dioxide content. The highest value of pendulum hardness was 207 s (without addition of TPGDA and pigment) and the lowest was 159 s (4 mass% titanium dioxide and 5 mass% TPGDA).
Contact between coating and substrate is an important factor in the adhesion system. The adhesion can be classified into two main categories, i.e., specific adhesion and mechanical adhesion. The specific adhesion developed into the adsorption theory and the mechanical adhesion occurs when a liquid set in pores and cracks of a substrate will rise with roughness of the substrate. 21) Adhesion of films on ceramics as a pores substrate follows the mechanical adhesion. Internal strain energy developed during the drying process could readily overcome the adhesion to the substrate. The adhesion test was conducted using pull-off test by measuring the tensile stress and failure pattern of films. It is demonstrated by SEM pictures 22) that one should not rely too much on absolute values of adhesion (pull-off forced). Describing the nature of failure and of changes in the nature of value is more important for interpretation of adhesion phenomenon.
The extent of contact between a liquid and a rough surface depends on the details of topography. It is usual to consider the effect of various idealized surface features. Penetration into the pore occurs until the back pressure of trapped air equals the capillary driving pressure. In this case, the equilibrium contact between coating and rough substrate is not achieved due to the setting time being quite short. The contact angle of coating on ceramic substrates is found to change with time due to the presence of porous materials. This effect tends to reduce the rate of penetration. Figure 5 shows the contact angle as a function of titanium dioxide content and TPGDA. The setting time of the coating prior to irradiation is very important for the adhesion properties. In this experiment, it takes around 10 s from the application of coating onto the ceramics and delivering to irradi- 
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ation chamber, and only takes 3 s exposure time to completely cure at conveyor speed of 3 m/min. Considering the setting time prior to irradiation, the contact angle was measured at around 10 s after dropping of coating on ceramic surface. If the setting time is longer than 4 min, the coating tends to start forming a pigment agglomeration and causes uneven color performance. This condition is more evident for low viscosity coating formulation due to the penetration of coating into the substrate. For low viscosity of coating formulation, penetration of liquid into the ceramics is easier than that for higher viscosity. It can be observed from the results of coating thickness measurement. A slightly lower thickness (<140 μ m) was observed for lower viscosity of coating formulation (higher TPGDA content), and higher thickness (>146 μ m) for higher viscosity (lower TPGDA content).
Data concerning the effect of titanium dioxide and conveyor speed to either adhesive strength or failure pattern of films slightly scattered, as tabulated in Table 1 . In order to get comprehensive evaluation, the table covers all data obtained for each replication. The scattered data appeares among replication I, replication II and replication III. If the ceramics is expressed in A and coating in B, there are two types of failures, i.e., the failure between ceramics and coating (A/B) and the combination failure in the ceramic itself (A) and between ceramic and coating. The latter can be expressed in the combination value of % A and % A/B. The most failures in the experiment occur between ceramics and coating as expressed in the 100% A/B. Some of data showed that the failure occurs in the combination of failure in the substrate and between coating and substrate. The data also indicate that for the failure that occurs in the ceramic material, the adhesive strength between ceramics and coating was higher than that of cohesive strength in the ceramic material. In this case, the higher adhesive strength value can be achieved i.e., higher than 1.5 N/mm 2 . Increasing the pigment content, the adhesion decreased as indicated by the lower value of adhesive strength. The adhesion decreases with increase of film thickness. Internal strain increases as a film thickness increases and as a particular thickness become sufficient to overcome the work of adhesion at the surface so that the films spontaneously peel off. Cleanliness of the surface such as free from dust, particle, fat etc., is very important to get the best results. Many factors play an important role for wide variation of the data. These are the surface defects and non uniformed test conditions. Both tend to yield a lower value. The values of the adhesive strength were between zero and 2.4 N/mm 2 . The pigment content proved critical to the adhesion of the coating. In general, the pigment content influences the adhesion of coatings. As the pigment content increased, the amount of resin in contact with the substrate decreased and the result of loss of adhesion. 23) Titanium dioxide strongly absorbs UV light and scatters visible light. The presence of titanium dioxide reduces the amount of light available to initiate polymerization, and in practical uses reducing the line speed of the coating process. The effect is more evident in the interior of opaque coating than that at the surface, and tends to enhance a reduction of adhesion and will contribute to poor adhesion. The negative effect of pigment on adhesion can be reduced by the use of epoxy acrylate resin. Epoxy acrylates are mainly based on bisphenol-A derivatives. The hydroxyl groups are formed by the epoxy acid reaction, which markedly improved adhesion, and pigment wetting. It is well known that vinyl polymerization occurs with substantial volume contraction. In terms of stress reduction, one would expect improved adhesion with epoxy chemistry, since ring opening polymerization occurs with less volume contraction, and, in certain cases, with expansion. 24) With lower coating thickness, fracture occurred as a cohesive value close to the substrate with a slight amount of coating remaining on the substrate, at a higher thickness, again the fracture propagated into deeper parts of the coating. The coating with a full thickness after testing stayed on the tester cylinder and never peel into two layers. This means that the adhesive strength measured reflects the adhesion between coating and ceramics, or cohesive strength if the failure occurs inside the substrate. For low viscosity of coating formulation, penetration of liquid is easier than for higher viscosity. It can be seen from the data of cured films on ceramics. A slightly lower thickness (±140 μ m) was observed for lower viscosity whereas higher thickness (±150 μ m) was observed for higher viscosity. Even in this work no films were detached from the substrates but for 2 mass% pigment and low TPGDA content (0 mass% and 5 mass%) the value of adhesive strength was zero. At high level of pigment content the UV energy may not have penetrated deep enough to ensure good adhesion. In spite of some scatter in the data, generally, all tests provided remarkably similar results. Figure 6 shows the histogram of L, a and b value in the color measurement using Hunter system. The Hunter L, a, b color space is a 3-dimentional rectangular color space based on the opponent-color theory. For L (lightness) axis, 0 is black and 100 is white, whereas for a (red-green) axis, positive values are red and negative values are green and 0 is neutral. In case of b (blueyellow) axis, positive values are yellow and negative values are blue and 0 is neutral. In transparent coatings, the gloss is seen as specular reflection. Primarily, color is seen in the regular transmission that transmits straight through the coatings. Surface texture or internal scattering within the coatings causes the light to scatter or diffuse. This diffuse transmission also contains color of the coatings and is responsible for haze. For opaque coating, most of the incident light is reflected. Color is seen in the diffused reflection. Based on this system, the L values play an important factor in the measurement of color value because titanium dioxide is white in color. It can be predicted that the L value increased with increase in pigment content. For various content of TPGDA, the L value nearly similar at around 60. With an increase in titanium dioxide content, the L value increased whereas a and b values decreased. It means that the whiteness of coatings increased. The L value increased from 60 to around 81 with the addition of titanium dioxide of up to 4 mass%. The addition of 3 mass% of pigment completely covers the substrate surface which was originally light brown color changes to a white color appearance.
Gloss is a property of surface which causes it to reflect light on pigmented coatings on ceramic surface, and usually correlates with the performance of coated ceramic especially for building materials. High gloss is often a desirable aesthetic feature of radiation curable coatings. Specular gloss was measured at 20°a ngle of incidence and reflection. In a specular gloss measurement, the reflected light cause by the pigment is not measured at precisely the same angle as the incident light. The scattering of light reduces the sharpness of the gloss and reduces the appearance of coatings. It is important that the minimum amount of titanium dioxide can cover and hide the texture of ceramic surface and give the decorative effect. Dispersion of the pigment will enhance in achieving both maximum opacity and maximum gloss with minimum haze. In general, gloss is affected by substrate color and texture as well as method of application. Gloss decreased by increasing the pigment content in the coating formulation as shown in Fig. 7 . The result is considered to be attributed to the reflection of light by the titanium dioxide. For instance, at 10% of TPGDA content, the gloss decreasing from 85% to 71% with addition of titanium dioxide up to 4 mass%. For various TPGDA content and pigment content used, the gloss of coatings was higher than 60%. The highest gloss (85%) was observed for the sample with 10 mass% TPGDA without pigment and the lowest gloss (69%) was at 15 mass% TPGDA and 4 mass% pigment.
Chemical resistance is very important in the coating and this applies to most application, such as furniture, flooring and decorated products. Chemical attack of a coating by solvents, acid, base, or any other chemicals used can result in loss of gloss, spotting, softening, whitening, swelling, or other deterioration. The coated panels were subjected to chemical environments to study the durability of coats. The use of polar solvent such as acetone is often used to asses the degree of cure of a cross-link composition for solvent resistance. In this respect, acetone was used to determine the degree of curing of the present coating system by spot test. The higher degree of cross-linking indicates less free volume and segmental mobility remain available in the polymer so that solvent molecules can hardly penetrate the cross-network. All data for chemical resistance was determined for cured films Table 2 . Visual comparisons were made in three categories i.e., resistant (no spotting, softening, swelling, change of color, reduction of gloss, delaminating and any other deterioration) as indicated by sign (+), slightly attacked (little reduction of gloss) as indicated by sign (-) and attacked (softening and reduction of gloss) as indicated by sign (=). Chemical attack of a coating by solvents, acid, base, or any other chemicals used can result in loss of gloss, spotting, softening, whitening, swelling, or other deterioration. All coated ceramics slightly attacked at all content of TPGDA and attacked by 10% sodium hydroxide at 4 mass% titanium dioxide content. At 4 mass% titanium dioxide content all of sample slightly attacked by 10% sulfuric acid, 1% sodium carbonate and stain, and resistant against the rest of chemicals used for testing. 10% sodium hydroxide solution causes softening and loss of coating gloss. The higher the titanium dioxide content, the lower the cross-linked polymer in the system, resulting in the lower resistance of coating against the chemical attack.
The properties of UV-cured coating (radiation method) were also compared with glazed coating ceramics (conventional method). In general, the main properties of glaze coatings to be required depend on the final use of the products. There are many uses of glazed ceramics, such as for construction materials (covering, tile for walls, floor coverings, and sanitary products), electrical insulators, and kitchen wares. In case of construction materials, mechanical strength (hardness and abrasion resistant) and chemical resistance (5% hydrochloric acid, 5% sodium carbonate and 5% sodium chloride) are required to meet the standard. In general, the main properties of glazed coating cover abrasion resistance, hardness (Mohs hardness scale) and chemical resistance. 25) As a comparison, we have also tested the properties of white glazed ceramics from local product. It was found that glazed ceramics have properties of pendulum hardness = 285 s, adhesive strength = 3 N/mm 2 , gloss = 90-92%, color values of L = 84.5, a = -0.74, b = 2.2 and resistant against chemical, solvent and stain. Result of adhesion test showed that the failure occurs inside the ceramics. It means that adhesion strength between glaze coating and ceramics was higher than cohesive strength of ceramic materials. It is clear that glazed ceramics had better coating properties than that of UV-cured coatings.
Another commercial product of ceramics is painted ceramics using conventional methods. As an example, hand painting of glazed ceramics can be done easily. A method of hand painting ceramic allows the producer to select the object to be painted (two-or three dimensional objects) and design to be applied. Selection of paint for ceramic tiles depends on final use. For high humidity areas, such as bathrooms, may require an oil-based paint such as epoxy acrylate paint rather than water-based paint. Water-based paints, such as acrylic enamel will adhere to glazed ceramics. Acrylic enamel can be air dried to high gloss and scratch resistance when heat dried. In general, painting of ceramics needs a number of steps. The most important step is in preparation. The first step is cleaning process. Warm water and detergent can be used to clean glazed ceramics of all dirt and oil followed by using alcohol. Cleaning materials made of 50/50 ammonia and water can be used to remove the mold and mildew. The surface must be completely dry before painting. The next step is painting of chosen design on ceramics and allows drying for 24 h. Painted ceramics is heated in oven at 325°C for 45 min. Another method for painting of ceramics is image design technique. The various designs and objects can be selected from an internal database of popular design or websites accessed by computer links or search engines. This technique provides higher reproducibility, flexibility in production quantities and individual images, than hand painting.
All coating technologies have advantages and disadvantages based on the technical, economical, and environment point of view. UV-curing is more applicable for flat objects due to limiting of radiation exposure geometry. Hand painting technique and image design technique can be used for two-or three dimensional objects. Two-or three-dimensional objects can also be coated using two or three UV lamps. Comparing with conventional method for painting of ceramics, UV-curing method provides some advantages, such as solvent free formulation, rapid cure at ambient temperatures, and space saving (associated with rapid cure), but some disadvantages are the relative costs of coating materials, and the need of UV equipment.
Conclusions
Two mass% of 2,2-dimethyl-2-hydroxy acetophenone photoinitiator (Darocur 1173) in the coating formulation provides the result covering all the best properties of cured coatings on ceramic tiles in the ranges of titanium dioxide concentration used. All of monomer concentration used in the formulations produced smooth and even surfaces as one of the important conditions for most coated products for which the appearance plays an important role. In general, increase of TPGDA content and titanium dioxide content in the epoxy acrylate resin decreases pendulum hardness. The pendulum hardness of cured films was in the range of 159 s and 207 s. Increase of titanium dioxide content, decreases the gloss of cured films. Addition of 3 mass% titanium dioxide pigment give the best result by considering the physical, mechanical and chemical properties of cured films, completely covering and hiding of ceramic tile surface with white color coating. For this level of titanium dioxide content, the color values using Hunter method were 77.5-81.8 for L, 5.9-8 for a and 5.8-9.5 for b. The gloss of UV-cured pigmented coating on ceramics was between 69% and 85% at 20° geometry measurement.
The adhesion test using pull-off test by measuring the adhesive strength and observing the failure pattern in the coating provided information of fairly wide variation of the result. The variation of coating thickness can be a factor to contribute the scattered data instead of cleanliness of the surface such as free from dust, particles, fat etc., which is very important to get the best results. The failures of adhesion mostly occur between ceramic substrates and coatings. In general, for higher TPGDA content in the coatings, failures occur in the ceramic materials. It indicates that adhesion strength between ceramics and coating is higher than that of cohesive strength of ceramic materials. Higher titanium dioxide content decreases adhesion between coatings and ceramic surface.
UV-cured coating provides lower coating properties than that of glazed ceramics which exhibits higher hardness and excellent chemical, solvent and stain resistance. Painting of ceramics using hand made technique or image design technique offers simple and easier process for decorative purposes but is a limiting factor for low or medium capacity production.
